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(g) Printer color and gray balance adjustment system. 

@ An apparatus and method for adjusting color 
and gray balance in a color printer, wherein a 
multicolored output sheet (180) including a set 
of printer color balance adjustment instructions 
for performing color balance adjustments pro- 
cessor is pK)duced by the print engine. A pro- 
cessor provides a color balance judging 
indicator, from a scanned test pattern sheet in 
the case of a copier or from a memory electroni- 
cally storing a test image. A controller is used to 
transmit the set of printer color and gray ba- 
lance adjustments to the processor. 
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The present invention relates to a color and gray balance adjustment system for electrophotographic prin- 
ters and copiers, and more particularly, to an apparatus and method for permitting users and technicians to 
perform color and gray balance procedures according to Improved corrective procedures. 

In the process of electrostatographic printing, an electrostatic charge pattern or latent image correspond- 

5 ing to an original or electronic document to be produced is recorded on an insulating medium. A viewable record 
is produced by developing the latent image with particles of granulated material to form a powder image thereof. 
Thereafter, the visit^le powder image is fused to the insulating medium, or transferred to a suitable support 
material and fused thereto. Development of the latent image is achieved by bringing a developer mix into con- 
tact therewith. Typical developer mixes generally comprise dyed or colored thermoplastic particles of granu- 

10 lated material known in the art as toner particles, which are mixed with carrier granules, such as ferromagnetic 
granules. When appropriate, toner particles are mixed with carrier granules and the toner particles are charged 
triboelectrically to the correct polarity. As the developer mix is brought into contact with the electrostatic latent 
image, the toner particles adhere thereto. However, as toner particles are depleted from the developer mix, 
additional toner particles must t>e supplied. 

1$ In the operation of an electrophotographic copier or printer, particularly color machines, it is highly desir- 
able to have means for indicating and then adjusting the color and gray balance of the machine. Particularly 
in the case of a color printers, it is highly desirable that a user color and gray balance adjustments be enabled. 
Various printed or copied colors, to include pantone colors, may be monitored, and appropriate corrective ac- 
tions taken by an operator to adjust machine color and gray balance. Selection of printer user preferences may 

20 be made, such as saturated solid areas, bold text and other image attributes. Measures to prevent print defects, 
improper density, and other undesirable conditions may be controlled or eliminated. 

US-A-4,972,257 discloses an operator controllable apparatus which adjusts the color of a copy being re- 
produced from a multi-colored original document. The original document is scanned and a set of primary color 
densities in that document are measured. The measured set of primary color densities is changed to a set of 

25 colorimetric coordinates. The operator adjusts the set of colorimetric coordinates so that the copy has the de- 
sired hue, saturation and darkness. The operator adjusted set of colorimetric coordinates is converted to a set 
of cyan, magenta, and yellow densities used to form latent images. The latent images are developed with cyan, 
magenta, and yellow developer material, respectively. Thereafter, the developed images are transferred, in 
superimposed registration with one another, to a sheet and are fused to that sheet, resulting in an operator 

30 adjusted multicolor copy of the original document 

US-A-4,878,063 discloses a method for detecting and correcting misregistration of color separation planes 
in multicolor printing. The method includes printing sets of test marks on a test sheet and visually inspecting 
the alignment of the marks. 

US-A-4,235,551 discloses a photographic printer including incremental correction buttons or keys to permit 

35 an operator to request and perform incremental color or overall density corrections. Preset keys permit oper- 
ators to request a correctton for a recogni2:able cause of off-balance prints. The preset correctbn keys repre- 
sent the desired correction for recognizable causes which represent a combination of nfK>re than one incre- 
mental color or density correction. 

In accordance with one aspect of the present invention, there is provided a printing system adapted to print 

40 multicolored indicia on sheets including a processor, responsive to receiving a set of printer color balance ad- 
justments, for providing a color balance judging indicator and a controller for transmitting the set of printer color 
balance adjustments to the processor. The printing system also includes a print engine, associated with the 
processor, for printing a multicolored output sheet including a set of printer color balance adjustment instruc- 
tions on performing color balance adjustments with the controller according to the color balance judging Indi- 
es cator. 

In accordance with another aspect of the present invention, there is provided a method for adjusting color 
and gray of a printing system adapted to print multicolored indicia on sheets. The method includes the steps 
of obtaining a color balance judging indicator from a print engine and outputting a multicolored sheet from the 
print engine, with the multicolored sheet including a set of printer color balance adjustment instructions on per- 
50 forming color balance adjustments to the print engine. The method also includes the step of performing a set 
of printer color balance adjustments according to the set of printer color balance adjustment instructions. 

Other features of the present invention will become apparent as the following description proceeds and 
upon reference to the drawings, in which: 

Figure 1 is a flowchart showing one embodiment of a color balance system of the present invention; 
55 Figure 2 is a continuation of the Figure 1 flowchart; 

Figure 3 is a continuation of the Figure 2 flowchart; 

Figure 4 is a continuation of the Figure 3 flowchart; 

Figure 5 is an elevational view showing showing a color balance test output print of the present invention; 
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Figure 6 is is a block diagram showing another embodiment of a color balance system of the present in- 
vention; 

Figure 7 is is a block diagram showing another embodiment of a color balance system of the present In- 
vention; 

5 Figure 8 is an elevational view showing showing a color balance test output copy of the present invention; 

Figure 9 is an elevational view showing showing a color balance test output print of the present invention; 
Figure 1 0 is an elevational view showing showing a color balance test output print of the present invention; 
and 

Figure 11 Is an elevattonal view showing showing a pantone color test output print of the present Invention. 

10 Figures 1 through 5 show system 100 of the present invention for adjusting color and gray balance in a 
printer or copier (not shown). With reference to Figure 1, once system 100 is initiated according to block 102. 
alt color adjustments are set (or reset) to nominal or center values so as to permit adjustment in both directions. 
According to block 104, a print command is Initiated so as to print out a copy of the test pattern for evaluation. 
According to block 106, the test pattern of Figure 5 is evaluated to determine if the printer Is operating within 

15 specifications. The relative magnitude of any adjustments that may be required to the system may also be 
evident when the Figure 5 test pattern is initiated. According to block 108, the "most neutral" gray patch in pat- 
tern 190 shown in Figure 5 is selected. If a residual image problem does exist according to block 110. the neg- 
ative adjustments to correct to the selected neutral gray patch are completed according to block 112. The neg- 
ative color adjustments to correct to the selected neutral gray patch, shown on the Figure 5 pattern 190 with 

20 "-" signs, are performed according to block 124. In each adjustment case based on Figure 5, outer ring 194 
corresponds to the need for higher order adjustments (such as the "(+ +)" or "(-)" indications), while Inner ring 
1 96 corresponds to the need for lower order adjustments (such as the "(♦)" or "(-)" indications). Whenever "Gray 
Target" 192 is the most gray square of pattern 190 of Figure 5, no further adjustments are needed as to color 
balance. Continuing on to block 114 shown in Figure 2, the print command for outputting the test pattern 

25 190/sheet 180 is re-executed according to block 114, and examined for print defects according to block 116. 
If print defects do not exist, the procedure reverts to block 1 24 shown on Figure 1 and continues as previously 
described . If print defects do exist, an operator returns the adjusted settings to the last good set point according 
to block 118, and the best possible color balance is achieved according to block 120. 

Returning to decision block 110 of system 100 shown in Figure 1, if a residual image problem does not 

30 exist as shown in decision block 11 0. (A residual image problem is a situation in which, rather than incorrectly 
printing maladjusted colors, a printer cleaning problem (photoreceptor, intermediate transfer roller/belt, or other 
source) results in residual toner/ink appearing in otherwise accurate color balance test patches of Figure 5.) 
Continuing with Figure 1, the user must next decide if saturated solid areas and bold text are desired, as per 
decision block 122. (See printed text 188 of Figure 5 for this evaluation.) If saturated solid areas and bold text 

35 are indeed desired, the positive color adjustments to correct to the selected neutral gray patch, shown on the 
Figure 5 pattern 190 with signs, are perfonmed according to block 124. Again, in each adjustment case 
based on Figure 5, outer ring 194 corresponds to the need for higher order adjustments (such as the "(+ +)" 
or "(-)" indications), while inner ring 196 corresponds to the need for lower order adjustments (such as the 
"(+)" or ■(-)" indications). Whenever "Gray Target" 192 is the most gray square of pattern 190 of Figure 5. no 

40 further adjustments are needed as to color balance. 

With continued reference to system 1 00 following block 1 24, now on Figure 2. the print test sheet 1 80 com- 
mand is re-executed according to block 126 to determine if any print defects exist. If print defects according 
to decision block 128 do exist, the operator returns the adjusted settings to the last good set point adjustment, 
according to block 130. In either case whether decision block 128 print defects exist or not, if the color is bai- 

45 anced at this point (block 132). the best possible color balance is achieved (block 120). If the color is not bal- 
anced according to decision block 132. negative adjustments to correct to the selected neutral gray patch are 
performed according to block 1 34, and the print command to output the test pattern is again executed according 
to block 1 36. If print defects still exist according to block 1 38, the operator returns the settings to the last good 
set point; in either case whether print defects still exist or not according to block 138, the best possible color 
50 balance is achieved (block 120). 

Returning to decision block 122 of system 100 in Figure 1, if the saturated solid areas and bold text is not 
desired (text 188 of Figure 5), then according to block 142 of Figure 3. the operator performs negative adjust- 
ments to conrect to the selected neutral gray patch of the Figure 5 test pattern 190. Thereafter, the user re- 
executes the print command to output the test pattern according to block 144, and examines the test pattern 
55 for print defects according to block 146. If print defects exist, the operator returns the adjustment settings to 
the last good set point (block 148); in either case the user examines whether the color of the test pattern is 
balanced according to block 150. If the color is not balanced, the operator performs positive adjustments to 
correct to selected neutral gray patch (block 154), and re-executes the print command for the Figure 5 test 

3 
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pattern 1 90 according to block 1 56 to examine for print defects according to decision block 1 58. If print defects 
exist, the operator returns the adjustment settings to the last good set point, according to block 160. At this 
point, the color balance aspects of system 100 are completed. 

In each situation, the user may then proceed to evaluate the solid density patches 182, 184 and 186 of 

5 the printer test sheet 180. If, according to block 152, the black patch of the test pattern is mottled, according 
to block 162 of Figure 4, the positive black bias is adjusted. If the black patch is not mottled (and after the 
positive black bias has been adjusted), if the text is too bold according to decision block 1 64, the negative black 
bias of the printer is adjusted according to block 166. Thereafter a white text in black box print test is executed 
according to block 168. (This test area on sheet 180 of Figure 180 is not shown) If the black bias is still ac- 

10 ceptable according to decision block 1 70, the system 1 00 adjustment procedure is completed. If the black bias 
is not acceptable, the adjustment of black bias in the printer is returned to the last good set point, according 
to decision block 162, at which time procedure of system 100 is completed. 

Figure 6 shows an abbreviated color adjustment system 280 of the present invention in which the exam- 
ination of residual image problems (discussed above) are disregarded, irrelevant or not present in color bal- 

15 ancing the printer. The adjustments performed according to system 280 are initiated by setting the color ad- 
justments to a nominal or center position according to block 282. The operator then executes the print command 
to output the test pattern according to block 284. (The test pattern used is the same Figure 5 test pattern 190 
described in association with system 100 as shown in Figures 1 through 4.) Thereafter, according to block 286 
of Figure 6, the operator examines the print to determine if the printer is operating within specifications. Ac- 

20 cording to block 288, the operator then selects the most neutral gray patch In the test pattern; thereafter ac- 
cording to block 290, the negative and positive adjustments called for at rings 1 94 and 1 96 to correct to selected 
neutral gray patch are performed. Thereafter the command to execute the print of the test pattern is again 
initiated according to block 292; thereafter the operator reviews the test pattern according to decision block 
294 to determine if color Is balanced. If color is balanced, the system 280 procedure is completed; if color is 

25 not balanced, the operator returns to block 288 of Figure 6 to again perform the negative and positive adjust- 
ments to correct to the selected neutral gray patch as required, until color baiance is attained. 

Figure 7 shows another system of the present invention for adjusting high density color balance or low 
density color balance in a copier and/or printer. The particular embodiment shown in Figure 7 may be employed 
to adjust printer color balance; with certain modifications as will be detailed below, this same (or similar) pro- 

30 cedure may also be used to adjust high and low copier density color balance. 

According to block 200 of Figure 7, "run system adjust" is initiated to begin the color balance procedure. 
According to block 202, the adjustment mode is set to fine adjust; thereafter a test print or set of test prints is 
run from the disk, such as the Figure 9 (high density) and Figure 1 0 (low density) test patterns. (The test pattern 
220 shown in Figure 8 is particularly useful for color copier balance adjustments, although it might also be 

35 used to adjust a color printer.) Figure 9 shows the color printer high density test pattern, which indicates the 
adjustments that should be made In accordance with Figure 7 to reach the desired center gray target While 
a 75% density is shown in the test pattern of Figure 9, other density levels above 50% might also be used. 
Figure 10 shows the printer output for the low density color balance adjustment to reach the desired center 
gray target While a 25% density level is selected, other levels below 50% level might be usefully employed 

40 in other embodiments. For both high density (Figure 9) or low density (Figure 10) color adjust according to 
block 206, the user checks the test pattern for the most neutral gray target found in any of the indicator patches. 
If none of the patches appears gray according to decision block 208, the operator uses Table 1 as a guide in 
making adjustments to reach the desired Figure 9 or Figure 10 center gray target, as follows: 



TABLE 1 





IF THE CENTERSQUARE APPEARS: 


IN DC920 LOW (OR HIGH) DENSITY BALANCE, ADD: 




yellow 


blue 


50 


blue 


yellow 




green 


magenta 




magenta 


green 


55 


red 


green and blue 




cyan 


yellow and magenta 



4 



BNSDOCID: <SP ^068S9e2A2J,> 



If according to decision block 208 any of the patches appear to be gray, the operator proceeds to adjust 
color balance. The user adjusts the grayest appearing patch towards the center Gray Target, according to the 
"Add [Color]" instructions along each azimuth of the multicolored Figure 9 (high density) or Figure 10 (low den- 
sity) charts. If in the case of blocks 210 or 212, there Is not sufficient range to adjust color balance according 

5 to Figures 9 or 10 on a fine setting according to decision block 214, the user resets to a coarse setting and 
adjusts accordingly, thereafter proceeding through the procedure again beginning with block 202. If there is 
sufficient range to adjust the gray settings to a fine setting, the user may run system adjust according to block 
21 8 so as to complete the necessary adjustments in obtaining high density color balance. After the high density 
color balance adjustments are completed, the same procedure may be repeated in order to adjust low density 

10 color balance. 

In the case of copier color balance adjustments (or a printer and scanner operating in a copier mode), rather 
than running a test pattern from a disk in order to perform the adjustment, a user may place a sample test 
pattern on a scanner platen of the copier in lieu of the step 204 as shown in Figure 7, such as the test pattern 
220 shown in Figure 8, which is particularly useful for color copier balance adjustments. Test pattern 220 In- 

15 eludes seven squares, each having a centered gray target in the center of each indicator patch. Color balance 
in a copier may be completed by following the same procedures as adjusting printer color balance, except a 
test pattern 220 is copied from the platen and used to adjust color balance. As shown In Figure 8, if patch 222 
and target 223 indicate the grayest appearing patch, no correction is needed and current color balance is ac- 
cepted. If patch 224 and gray target 226 appear the most gray, the operator is instructed to add yellow in making 

20 the adjustment If patch 228 and target 230 appear the most gray, the operator is to add green; if patch 234 
and gray target 232 appear the most gray, the operator Is to add equal amounts of green and blue; if patch 
236 and gray target 238 appear the most gray, the operator is to add blue; if patch 240 and gray target 242 
appear the most gray, the operator is to add magenta; and if patch 244 and gray target 246 appear the most 
gray, the operator is to add equal amounts of magenta and yellow. 

25 As shown by the block 219 "print file pantone.ps" step of Figure 7, after copier and/or printer high and low 

density color balance adjustments are made, the operator may then print a "pantone checker" test pattern 
shown in Figure 1 1 , so that the accuracy of the printed (or copied) pantone colors indicated on Figure 1 1 may 
be verified in the printer by comparing them to a pantone color table (not shown). 

30 

Claims 

1. A printing system adapted to print multicolored indicia on sheets, comprising: 

a processor, responsive to receiving a set of printer color balance adjustments, for providing a color 
35 balance judging indicator ; 

a controller for transmitting the set of printer color balance adjustments to said processor; and 
a print engine, associated with said processor, for printing a multicolored output sheet (180) includ- 
ing a set of printer color balance adjustment instructions on performing color balance adjustments with 
said controller according to the color balance judging Indicator. 

40 

2. The printing system of claim 1 , wherein the printer color balance adjustment instructions printed by said 
print engine includes a set of gradated color balance Information for Indicating a magnitude of the color 
balance adjustments to be performed. 

45 3. The printing system of claim 1 , wherein: 

said processor, responsive to receiving a set of printer gray balance adjustments, provides a gray 
balance judging indicator; 

said controller transmits the set of gray balance adjustments to said processor; and 

said printer engine prints a set of printer gray balance adjustment instructions for perfonming gray 

so balance adjustments with said controller according to the gray balance judging indicator. 

4. The printing system of claim 3, wherein the set of printer gray balance adjustment instructions printed by 
sakJ print engine includes a set of gradated gray balance information for indicating a magnitude of the 
gray balance adjustments to be perfomoed. 

55 

5. The printing system of any one of daims 1 to 4, wherein said processor comprises an electronic data stor- 
age member for generating the color balance judging indicator. 

5 
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6. The printing system of any one of claims 1 to 4, wherein said processor comprises an image scanner for 
generating the color balance judging indicator according to a test pattern image on a sheet. 

7. The printing system of claim 1 , wherein: 

5 said processor provides a pantone color status indicator; and 

said print engine prints a pantone checking color output sheet for indicating a pantone color quality 
output of said print engine. 

8. A method for adjusting color and gray balance of a printing system adapted to print multicolored indicia 
10 on sheets, comprising: 

obtaining a color balance judging Indicator from a print engine; 

outputting a multicolored sheet from a print engine, with the multicolored sheet including a set of 
printer color balance adjustment instructions on performing color balance adjustments to the print engine; 
and 

15 perfonning a set of printer color balance adjustments according to the set of printer color balance 

adjustment instructions. 

9. The method of claim 8. further comprising: 

determining a magnitude of the color balance adjustments to be perfomned according to a set of 
20 gradiated color balance information included on the multicolored sheet outputted by the print engine. 

10. The method of claim 8, further comprising: 

obtaining a gray balance judging Indicator from the print engine; 

outputting a multicolored sheet from the print engine, with the multicolored sheet including a set 
25 of gray balance adjustment instructions for performing gray balance adjustments to the print engine; and 

perfomning a set of gray balance adjustments according to the set of printer gray balance adjust- 
ment instructions. 



30 



35 



40 



45 



50 



55 



BNSDOCID: <EP ^06859e2A2_L> 



FIG. 1 



102 




100 



2l 



SET COLOR 
ADJUSTMENTS 
TO NOMINAL (CENTER) 



104 



I 



EXECUTE 
PRINT COMMAND OF 
TEST PATTERN 



106 



108 



I 



EXAMINE PRINTS TO 
DETERMINE IF PRINTER iS 
OPERATING WITHIN 
SPECIFICATION 



122 



SELECT MOST NEUTRAL 
GRAY PATCH IN PATTERN 




PERFORM POSITIVE ( + ) 

ADJUSTMENTS TO 
CORRECT TO SELECTED 
NEUTRAL GRAY PATCH 



© 




PERFORM NEGATIVE H 

ADJUSTMENTS TO 
CORRECT TO SELECTED 
NEUTRAL GRAY PATCH 



© 




BNSDOCID: <EP ^0685962A2J_> 



126 




© 



RE-EXECUTE 
PRINT COMMAND FOR 
TEST PATTERN 



YES 




r 



114 



RE-EXECUTE 
PRINT COMMAND FOR 
TEST PATTERN 




RETURN SETTINGS TO 
LAST -GOOD" SET POINT 




RETURN SETTINGS TO 
LAST "GOOD" SET POINT 



134 



PERFORM NEGATIVE (-) 

ADJUSTMENTS TO 
CORRECT TO SELECTED 
NEUTRAL GRAY PATCH 



120 



2n 



YES 



136 



I 



RE-EXECUTE 
PRINT COMMAND FOR 
TEST PATTERN 



NO 




RETURN SETTINGS TO 
LAST "GOOD " SET POINT 



BEST POSSIBLE COLOR 
BALANCE 



FIG. 2 



BNSOOCID: <EP ^06a5962A2J.> 



FIG. 3 




142 



PERFORM NEGATIVE (-) 

ADJUSTMENTS TO 
CORREa TO SELECTED 
NEUTRAL GRAY PATCH 



I 



© 



RE-EXECUTE 
PRINT COMMAND FOR 
TEST PATTERN 



144 




YES 



750 



1 C 



148 



RETURN SETTINGS TO 
LAST -GOOD" SET POINT 




154 



PERFORM POSITIVE ( + ) 

ADJUSTMENTS TO 
CORRECT TO SELECTED 
NEUTRAL GRAY PATCH 



1S2 



YES 



756 



RE-EXECUTE 
PRINT COMMAND FOR 
TEST PATTERN 




RETURN SETTINGS TO 
LAST "GOOD" SET POINT 




BNSDOCID: <eP_ 



_0685ee2A2J_> 



FIG. 4 



NO 




164 

TEXT TOO BOLD? zx- 





YES 






ADJUST NEGATIVE (-) 


BLACK BIAS 



EXECUTE 
WHITE TEXT IN BLACK 
BOX PRINT TEST 




162 



ADJUST POSITIVE ( + ) 
BLACK BIAS 



168 




YES 




172 



RETURN BLACK BIAS TO 
LAST "GOOD" SET POINT 



10 



BNSDOCID: <EP ^D6859e2A2J_> 



t 



FIG. 5 




11 



BNSOOCIO. <EP peeS9e2A2J_> 



FIG. 6 
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